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FIG. 2
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FIG. 5
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FIG. 7
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FIG. 8
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FIG. 9
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FIG. 10
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FIG. 11

FROM (4) IN FIG. 10

ESTIMATE RESULT OF MEASUREMENT
(a) OF PATCH DENSITY OF 4TH COLOR BY

USING RESULT OF MEASUREMENT OF
PATCH DENSITY OF 2ND COLOR

(b) MEASUREMENT OF PATCH
DENSITY OF 4TH COLOR

) SET EXPOSING LUT
FOR 4TH COLOR

(d) DOES MEASURED
RESULT AGREE WITH N TONER OF 4TH COLOR IS
ESTIMATED RESULT OF DETERMINED TO BE LOW |©
MEASURED DENSITY?
Y




5,950,043

Sheet 11 of 19

Sep. 7, 1999

U.S. Patent

SNV
ONININH313d
ddNOL MO

(
A%

¢S

SNV
ONIHVYdINOD
ALISNAd

SNVIN

ONIVINILS
ALISNIQ

SNV ONILLIS

.

SNV
ONIHNSYIN

LNJANOHIANS |

LAT-ONISOdX

APS  OFS

I e

2]

N AVS

M

¢l Ol

¢¢

—
19
d341434ANQOD
an
N
12 N



U.S. Patent Sep. 7, 1999

FIG. 13

( START )

MEASUREMENT OF
ENVIRONMENT

I ESTIMATED RESULTS OF

MEASURED PATCH DENSITIES
OF RESPECTIVE COLORS

MEASUREMENT OF PATCH
DENSITY OF 15T COLOR
SET EXPOSING LUT
FOR 15T COLOR

DOES MEASURED
RESULT AGREE WITH
ESTIMATED RESULT OF
MEASUF{ED DENSITY?

' MEASUREMENT OF PATCH
DENSITY OF 2ND COLOR
SET EXPOSING LUT

' FOR 2ND COLOR

DOES MEASURED
RESULT AGREE WITH

@)

(b)

Sheet 12 of 19

5,950,043

TONER OF 1ST COLOR IS ()
DETERMINED TO BE LOW

ESTIMATED RESULT OF
MEASURED DENSITY?

| TONER OF 2ND COLOR IS ()
DETERMINED TO BE LOW




U.S. Patent Sep. 7, 1999

FIG. 14
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FIG. 15
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FIG. 17
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FIG. 19

| RESULT OF DETERMINATION
OF TONER LEVEL

PROPER AMOU,\EI TONER STATE

MEASURED RESULT | PROPER DENSITY | PROPER STATE | LOW TONER
OF PATCH DENSITY ABNORMALITY IN |

LOWDENSITY THE APPARATUS

NO TONER




5,950,043

Sheet 19 0of 19

Sep. 7, 1999

U.S. Patent

lllllllllllllllllllllllllll
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

SNV
ONILVINILSH

ALISN3Q_
L
SNVIN | SNV
ONILYINDTYOIY ~—{ ONININYILIC
LN ALISNAQ - EEMSZ%
ﬁ, | { {
16 18 pe -
op |
SNV3N ONILLIS
IN3I0134300- 1HDIFM
N
INTIDI44300 =
LHDIIM
(
b
...... e
08
)AL

vV.ivad 1OVNI

¢C




5,950,043

1

IMAGE FORMING METHOD AND IMAGE
FORMING APPARATUS FOR DETECTING A
LOW LEVEL OF TONER

BACKGROUND OF THE INVENTION

The present mnvention relates to an apparatus for forming,
a toner 1mage on a recording medium by using an electro-
photographic system, such as a copying machine, a printer,
or facsimile equipment. In such an apparatus, toner 1s used
for 1mage development. To be precise, toner 1s consumed
during development. This invention, 1n particular, relates to
a method for detecting and determining a state that exists
shortly before the toner runs out. In other words, this
invention particularly relates to a method of assessing when
there 1s a low toner state. Furthermore, this invention relates
also to an assessment of when there is a no toner state (i.e.,
a state 1n which the toner is substantially used up). Also, this
invention relates to a method of assessing when an 1mage
development apparatus 1s 1n an abnormal state with respect
to toner. Collectively, the low toner state, the no toner state,
and the abnormal state may be referred to as toner states or
as toner conditions of an 1mage forming apparatus.

An 1mage forming apparatus 1s comprised of an exposure
controlling means for generating a light beam corresponding
to an 1mage forming signal, a photoconductive member for
forming an electrostatic latent 1mage upon receiving the
light beam, a developing means for forming a toner 1mage
by causing the electrostatic latent image to attract a toner via
a development roller, and a transfer means for transferring
the toner 1mage onto a recording medium.

In such an 1mage forming apparatus, because printing 1s
cifected by causing the toner to be attached to the recording
medium, the toner 1s consumed by printing, so that it is
necessary to manage the remaining amount of toner.

For this reason, generally, the amount of toner 1n a
developing device i1s optically detected by providing the
developing device with an optical window for detection, or
the amount of toner 1s detected by providing a switching
means which 1s operated on the basis of the quantity of the
toner. With the former method, however, there 1s a problem
in that the optical window becomes stained by the toner with
the lapse of the time, making it 1mpossible to detect the
amount of toner accurately. Further, the latter method
involves a problem, among others, that the arrangement of
the mechanism becomes complex.

To overcome such problems, a technique has been pro-
posed 1n which, as disclosed 1n the specification of the U.S.
Pat. No. 5,204,699,the toner in a developing device 1is
estimated by calculating and summing the amount of toner
consumed for each pixel on the basis of image forming
signals for forming an electrostatic latent image. Further, a
technique has been proposed m which, as disclosed 1n
Japanese Patent Application Laid-Open No. 22067/1984, a
toner 1mage for testing 1s formed by a developing device by
clfecting exposure 1n a predetermined shape on a photocon-
ductive member, and the amount of toner 1n the developing
device 1s estimated on the basis of the optical density of the
foner 1mage.

However, with the technique in which the amount of toner
consumed 1s estimated by using the 1mage forming signals
as 1n the former case, a situation can occur in which a
difference arises between an estimated value and an actual
amount of consumption even with respect to an identical
image signal owing to a change i1n the amount of toner
attached due to a change 1n the environment and the like
because of a change over time of the environmental condi-
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2

tions and an electrophotographic process element, and
although 1t 1s determined 1 accordance with the estimated
value that there still remains a sufficient amount of toner, the
toner has been actually depleted, and a misprint 1s outputted.

In addition, with the latter technique 1n which the toner
image for testing 1s used, the following problem is encoun-
tered. That 1s, although the amount of toner can be detected
accurately 1n a state 1n which the toner on the surface of a
development roller for constituting the developing device
has been newly supplied, immediately after the suspension
of a developing operation, a sufficient amount of toner 1is
attached to the development roller irrespective of the
remaining amount of toner, so that the toner image for
testing 1s formed with a high density, possibly causing an
error 1n the determination of the amount of toner.

SUMMARY OF THE INVENTION

The present invention has been devised in view of the
above-described problems, an 1ts object 1s to provide a
method of forming an 1mage which 1s capable of accurately
detecting the state of the amount of toner which can be used
in printing, 1.€., a low toner state and a no toner state, by
using an 1mage forming signal and a toner testing 1mage
without requiring a toner detecting means to be installed or
built 1n a developing device.

A second object of the present invention 1s to provide an
image forming apparatus suitable for implementing the
above-described method.

Still another object of the present invention 1s to provide
a method for detecting an abnormality of the apparatus on
the basis of an estimated value of a remaining amount of
toner based on an 1mage forming signal and an estimated
value of toner based on an inspected toner image.

Namely, to attain the above objects, in accordance with
the present invention there 1s provided a method of forming
an 1mage using an image forming apparatus provided with a
photoconductive in member for forming an electrostatic
latent 1mage upon receipt of a light beam generated by an
image forming signal, developing means for forming a toner
image by attracting a toner to the electrostatic latent 1image
via a development roller, and transfer means for transferring
the toner image to a recording medium, comprising the steps
of: estimating as a toner__amount estimating step an amount
of toner consumed by said developing means by calculating
an amount of toner consumed by each pixel on the basis of
the 1mage forming signal; forming a toner testing 1mage on
said photoconductive member; detecting as a toner__amount
detecting step the amount of toner consumed by said devel-
oping means on the basis of an optical density of the toner
testing 1mage prior to the transfer to the recording medium;
and determining the amount of toner consumed by said
developing means on the basis of the toner__amount esti-
mating step and the toner__amount detecting step.

An estimated value of the amount of toner consumed,
which 1s based on an 1mage forming signal, 1s verified by the
amount of toner detected by the optical density of the
inspecting toner 1mage, with the result that 1t 1s possible to
prevent such a situation in which useless replenishment of
toner 1s sought and a situation leading to the depletion of
toner.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1llustrating an embodiment of an
image forming apparatus 1n accordance with the present
mvention;
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FIG. 2 1s a cross-sectional view 1llustrating an example of
a developing device used 1n the aforementioned apparatus;

FIG. 3 1s a block diagram illustrating an example of an
exposure__signal generating device of a control system 1in
the aforementioned apparatus;

FIG. 4 1s a block diagram 1llustrating an example of a low
toner determining device in the aforementioned apparatus;

FIG. 5 1s a flowchart for explaining the operation of the
low toner determining device in the aforementioned appa-
ratus,

FIG. 6 1s a block diagram 1llustrating another example of
the low toner determining device in the aforementioned
apparatus;

FIG. 7 1s an explanatory diagram concerning patch
images used 1n the determination of the low toner state 1n the

aforementioned apparatus;

FIG. 8 is a flowchart.(part 1) for explaining the operation
of the low toner determining device in a patch generating
mode 1n the aforementioned apparatus;

FIG. 9 is a flowchart (part 2) for explaining the operation
of the low toner determining device 1n the patch generating
mode 1n the aforementioned apparatus;

FIG. 10 is a flowchart (part 3) for explaining the operation
of the low toner determining device 1n the patch generating
mode 1n the aforementioned apparatus;

FIG. 11 1s a flowchart (part 4) for explaining the operation
of the low toner determining device in the patch generating
mode 1n the aforementioned apparatus;

FIG. 12 1s a block diagram illustrating an example of the
low toner determining device provided with the function for
measuring the environment 1nside the aforementioned appa-
ratus;

FIG. 13 1s a flowchart (part 1) in a case where the low
toner state 1S determined on the basis of the result of
measurement of the environment 1inside the aforementioned
apparatus;

FIG. 14 1s a flowchart (part 2) in a case where the low
toner state 1S determined on the basis of the result of
measurement of the environment 1nside the atforementioned
apparatus;

FIG. 15 1s an explanatory diagram of another example of
patch images used 1n the determination of the low toner state
in the aforementioned apparatus;

FIG. 16 1s a block diagram illustrating an example of a
low toner and no toner determining device 1n the aforemen-
fioned apparatus;

FIG. 17 1s a lowchart 1n a case where the low toner state
and the no toner state are determined 1n the aforementioned
apparatus;

FIG. 18 1s a block diagram illustrating an example of a
state determining device for determining the low toner state,
the no toner state, and the state of the apparatus 1n accor-
dance with a signal from a patch sensor;

FIG. 19 1s a schematic diagram of a means for storing,
determination data of an apparatus state determining device
in the aforementioned apparatus; and

FIG. 20 1s a block diagram illustrating an example of a
welghting coellicient correcting means 1n the aforemen-
fioned apparatus.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

Accordingly, a description will be given hereafter of an
embodiment of the present invention.
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FIG. 1 shows an embodiment of an 1mage forming
apparatus in accordance with the present invention, and 1s a
cross-sectional view 1llustrating essential portions of an
clectrophotographic process section of a printer. In the
drawing, reference numeral 1 denotes a photoconductive
member which 1s uniformly charged to a potential suitable
for forming a toner image by a charging roller 2 The
arrangement provided 1s such that a laser beam of a prede-
termined resolution, e.g., 600 dp1, which has been formed by
an exposure unit 3, 1s guided to the surface of the photo-
conductive member 1 by return mirrors 4 so as to allow an
clectrostatic latent 1mage to be formed thereon.

Disposed around the photoconductive member 1 1s a
developing device 5 which 1s comprised of a yellow (Y)
developing unit 5Y, a magenta (M) developing unit 5M, a
cyan (C) developing unit SC, and a black (K) developing
unit 5K which are each arranged as a single component
contact system capable of coming into contact with and
moving away from the periphery of the photoconductive
member 1 1n the direction of the arrows 1n the drawing. If,
for mstance, one developing unit 5Y 1s brought into contact
with the photoconductive member 1,the other developing
units SM, 5C, 5K are moved away from the photoconductive
member 1,and reversal development 1s elffected by the
negatively chargeable (Y) toner by the action of an electric
field due to an unillustrated power supply, thereby making
the latent 1image on the photoconductive member 1 visible.

An mtermediate transfer member 6 1s arranged as an
endless belt which 1s formed by allowing carbon to be
dispersed 1n an ethylene-tetrafluoroethylene copolymer
(ETFE) to adjust electrical resistance to an appropriate level.
The intermediate transfer member 6 1s supported by a
primary transier roller 7 and drive rollers 15 and 18,which
will be described later, and 1s brought into contact with the
photoconductive member 1 by the primary transfer roller 7.
A bias voltage of an opposite polarity to that of the toner 1s
applied to the primary transfer roller 7 by a power supply 8
for primary transfer, and the Y toner image on the photo-
conductive member 1 1s transferred to the intermediate
transfer member 6 on the basis of the potential difference
between the primary transfer roller 7 and the photoconduc-
tive member 1.

A photoconductive member cleaner 9 1s disposed 1n such
a manner as to cause 1ts blade 9a to come 1nto contact with
the photoconductive member 1 on the downstream side of
the primary transfer roller 7 so as to collect the toner
remaining on the photoconductive member 1 after the trans-
fer. Further, a discharging lamp 10 for resetting the potential
at the photoconductive member 1 1s disposed on the down-
stream side of the photoconductive member cleaner 9.

The positions of the developing unit 5Y, the developing
unit 3M, the developing unit 5C, and the developing unit 5K
arc adjusted 1n such a manner that the position of the
intermediate transfer member 6 and the light emitting timing
of the exposure unit 3 can be synchronized when these
developing units are selectively brought #7 into contact with
the photoconductive member 1. The arrangement provided
1s such that the toners of the respective colors for the same
pixels are superposed on the intermediate transfer member 6
in order to form a full-color 1image.

Meanwhile, a recording medium 13,such as paper and an
OHP sheet, 1s transported from a paper feeding cassette 12
to a pair of resist rollers 14 via a paper feeder 11,and 1is
further transported to a secondary transfer section which 1is
comprised of the drive roller 15 and a secondary transfer
roller 16 capable of moving toward and away from the drive



5,950,043

S

roller 15 in the direction of the arrows 1n the drawing so as
to synchronize with the full-color toner 1mage on the inter-
mediate transfer member 6.

The arrangement provided i1s such that this secondary
transfer section forms a nipping portion to allow the sec-
ondary transfer roller 16 to come 1nto contact with the
intermediate transfer member 6 m synchronism with the
recording medium 13,presses the recording medium 13 1n
this nipping portion, causes a calculating unit 21 to calculate
a voltage level suitable for transfer on the basis of the
voltage from the power supply 8 for primary transfer, and
controls the voltage of a power supply 17 for secondary
transfer on the basis of this voltage so as to form a full-color
toner 1mage on the recording medium 13 by the action of an
clectric field. The recording paper 13 with the toner image
formed thereon 1s sent to a fixing unit 20,where the toner
image 1s fixed, and the recording paper 13 1s then discharged
outside the apparatus.

In the drawing, reference numeral 22 denotes a patch
sensor (formed as an optical sensor combining a light
emitting diode (LED) and a photosensor) adapted to detect
the densities of patches formed on the intermediate transfer
member 6 and which will be described later. The patch
sensor 22 1s disposed downstream of the primary transfer
roller 7 at a position opposing the surface of the intermediate
transfer member 6. The patch sensor 22 reads the densities
of patch 1images formed on the surface of the intermediate
transfer member 6,and outputs density readings (also
referred to as density read signals) to an A/D converter 34
(shown in FIG. 3) Patch images may be referred also as toner
festing 1mages.

FIG. 2 shows an example of the developing device used
in the present invention. This developing device 5 1s com-
priscd of a toner chamber Sa, a restricting blade 3¢, a
development roller 5d, and a single component type toner 5b
being stored 1n the toner chamber 5a4. This toner 5b 1s
provided 1n the toner chamber 5a, and 1s fed to a pressure
contact portion Se between the restricting blade Sc¢ and the
development roller 5d by means of the development roller
S5d which 1s rotatively driven by an unillustrated drive motor
during development, thus allowing a thin layer of toner to be
formed on the development roller 3d.

The thin layer of toner formed on the development roller
5d 1s attracted by coming 1nto contact with the electrostatic
latent 1mage formed on the photoconductive member 1,and
develops the electrostatic latent image on the photoconduc-
five member 1. The region of the development roller 5d
where the toner was consumed by development receives a
new supply of toner by coming into contact with the toner
Sb stored 1n the toner chamber 5a. Meanwhile, the remain-
ing toner which did not come into contact with the latent
image on the development roller 54 1s returned to the 1nterior
of the toner chamber Sa 1n conjunction with the rotation of
the development roller 5d, moves within the toner chamber
Sa while undergoing friction with the toner in the toner
chamber 54, 1s further subjected to friction with the restrict-
ing blade 5c¢, and 1s thereby charged to a fixed potential.

In addition, this development device 5 1s preferably
arranged to be of a replaceable type, so that when the toner
5b 1n the toner chamber 35a 1s depleted, the developing
device 5 can be easily replaced with a new one by the user.

Although, 1n this embodiment, an example has been
shown 1n which the developing device 1tself 1s replaced upon
depletion of the toner, an arrangement may be provided such
that a toner container 1s provided outside the developing
device, and the toner 1s replenished to the interior of the
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developing device by replacing this contaimner. Further, an
arrangement may be provided such that the developing
device 1s arranged as a cartridge in which the developing
device 1s formed integrally with the photoconductive mem-
ber and the like, and these members may be replaced as one
set.

FIG. 3 shows an example of a controlling device of an
image forming apparatus 1n accordance with the present
invention. The controlling device 1s a device which mainly
cffects control of the 1mage forming operation and for
generating an exposure signal on the basis of the 1mage data.
Hereafter, a description will be given of the controlling
device; the description mainly concerns the generation of an

exposure signal.

An exposure signal generating device may be formed as
a microcomputer 30 which 1s comprised of a CPU 31, a
ROM 32, and a RAM 33. Thus, microcomputer 30 1s an
example of a means for generating an exposure signal.
Inputted to this exposure signal generating device are the
image data, a mode signal (for selecting either one of a
normal image forming mode and a patch generating mode),
and a digital signal (which may be referred to as a patch
sensor detection signal and may be obtained by converting
an analog signal from the patch sensor 22 by the A/D
converter 34). The exposure signal generating device out-
puts an exposure signal for the exposure unit 3, as well as a
low toner signal, a no toner signal, and a signal indicating an
abnormality of the apparatus, which will be described later.

In the normal 1mage forming mode, the microcomputer 30
transforms print data sent thereto from a host, such as a
personal computer, into 1mage data by subjecting the print
data to color transformation processing and_ vy-
transformation processing, and this 1mage data 1s outputted
after being transformed 1nto an exposure signal on the basis

of a lookup table (LUT) prepared in the RAM 33.

In the patch generating mode, predetermined patch
images are formed on the basis of data prepared in advance
in the ROM 32, and their patch densities are measured by the
patch sensor 22. The data prepared 1in advance in ROM 32
may be referred to as predetermined patch data. In particular,
the microcomputer 30 sets 1image forming conditions by
changing the contents of the LUT stored in the RAM 33 on
the basis of detection signals inputted thereto from the patch
sensor 22 via the A/D converter 34. In addition to the LUT
for determining the exposure data, the 1mage forming con-
ditions which are changed by the results of measurement of
the patch densities can include parameters of the electro-
photographic process such as a charging bias, a development
bias, a development roller rotating speed, and a transfer bias.

FIG. 4 shows an example of a low toner determining
device 1n accordance with the present invention. The low
toner determining device calculates the amount of toner for
cach pixel on the basis of the exposure signal, and sums the
amount of toner developed with respect to all the pixels so
as to estimate the amounts of consumption of the overall
toners. The low toner determining device 1s realized by
providing the microcomputer 30 with functions of an expo-
sure signal generating means 41, an 1mage structure analyz-
ing means 42, a weighting coefficient setting means 43, a
welghting coeflicient LUT 44, a development toner weight
calculating unit 45, a development toner weight summing
means 46, and a low toner determining means 47.

When the image data, the mode signal, and the patch
sensor detection signals are inputted to the exposure signal
cgenerating means 41, the exposure signal generating means
41 outputs an en exposure signal to the exposure unit 3 and
the 1mage structure analyzing means 42.
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The 1mage structure analyzing means 42 analyzes the
exposure signal from the exposure signal generating means
41,and thereby determines the image type of the pixel
subject to printing.

Here, a description will be given of the 1image type.

In electrophotography, there 1s a phenomenon i1n which
the amount of toner attached increases 1n a boundary portion
of the latent image during development. Since this 1s a
phenomenon which occurs due to the concentration of the
clectric field 1in the boundary portion, the amount of toner of
pixels 1n a line/dot 1image or the boundary portion of an
image 1s greater than the amount of toner of pixels 1n a solid
image. The amount of toner in a halftone 1mage becomes an
intermediate amount of toner between the pixel of a solid
image and the pixel of a boundary portion. The image
structure analysis means 1s used to determine whether the
relevant pixel 1s that of a line/dot image, a solid image, or an
intermediate 1mage so as to correct an increase or decrease
in the amount of toner mainly due to this phenomenon.

Two signals are inputted to the weighting coetficient
setting means 43. In particular, one of the signals mputted to
the weilghting coeflicient setting means 43 1s a signal rep-
resenting the 1mage type of the relevant pixel, as determined
by the 1mage structure analyzing means 42. This signal may
be referred to as an 1mage type signal. The other of the
signals 1nputted to the weighting coeflicient setting means
43 1s the exposure signal for the relevant pixel. The weight-
ing coellicient setting means receives the exposure signal
from the exposure signal generating means 41.

When the image type as well as the exposure time and the
exposure current are given by the exposure signal, the
welghting coeflicient setting means 43 determines a weight-
ing coellicient by referring to the weighting coefficient LUT
44 and outputs that weighting coeticient to the development
toner weight calculating unit 45. The welghting coeflicient
LUT 44 may be set by the result of experiment or a
simulation at the time of the designing of the printer.

The development toner weight calculating unit 45 calcu-
lates an amount of toner developed corresponding to the
welghting coetficient. The relationship between the amount
of toner developed, which 1s calculated from the exposure
signal with this weighting coetficient added thereto, and an
actual amount of toner developed, which 1s consumed by
development, can be determined by a prior experiment or
simulation, and these two amounts correspond to each other.

The development toner weight summing means 46 sums
the amount of toner developed, which 1s calculated by the
development toner weight calculating unit 45, and the
summed value of the amount of of toner developed 1s stored
in a nonvolatile storage means 48.

The low toner determining means 47 determines a low
toner state by making a comparison between a set value and
the summed amount of toner developed, which 1s estimated
repeatedly on each occasion of 1image formation.

Next, referring to the flowchart shown in FIG. 5, a
description will be given of the operation of the low toner
determining device configured as described above.

First, a mode signal indicating either one of the normal
image forming mode and the patch generating mode 1s
selected (Step A). In this state, if the image data, the selected
mode signal, and the detection signals from the patch sensor
22 via the A/D converter 34 are inputted to the microcom-
puter 30, the exposure signal 1s generated by the exposure
signal generating means 41 (Step B). Analysis of the image
structure 1s elffected by the 1mage structure analyzing means
42 on the basis of this exposure signal (Step C), and the
image type of the relevant pixel is determined (Step D)
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Next, if the 1mage type and the exposure time and
exposure current of the exposure signal are imparted, a
welghting coeflicient 1s determined by referring to the
welghting coefficient LUT 44, and 1s imparted to the expo-
sure signal (Step E). The determined weighting coefficient is
inputted to the development toner weight calculating unit
45, and the amount of toner of the relevant pixel 1s calculated
(Step F).

This calculated amount of toner 1s summed by the devel-
opment toner weight summing means 46, and the summed
value 1s stored 1n the nonvolatile storage means 48 and 1s
retained even after the power of the printer 1s turned off.
When the signal indicating an estimated value P of the
summed amount of toner developed 1s mputted to the low
toner determining means 47, the estimated value P of the
summed amount of development is compared with the set
value T, thereby determining a low toner state (Step G).

That 15, when the estimated value P of the summed
amount of development 1s less than the set value T, the toner
is determined to be in a low toner state (Step H). Meanwhile,
if the estimated value P 1s greater than or equal to the set
value T, the toner 1s determined to be 1n a proper amount
(Step I). Incidentally, if a plurality of levels are set as the set
value T, the low toner state can be detected 1n steps.

FIG. 6 shows the low toner determining device for
determining the low state of the toner by means of patches
in accordance with the present invention. This low toner
determining device determines the low toner state 1n the case
where the patch generating mode 1s selected. Specifically,
the microcomputer 30 1ncorporates functions of an 1mage
data transforming means 50, an exposing LUT setting means
53, an exposing LUT 54, a patch density estimating LUT 49,
a density estimating means 51, a density comparing means
52, and the low toner determining means 47.

First, a description will be given of patch images used 1n
the detection of the low state of the toner.

FIG. 7 1s an explanatory diagram concerning the patch
images used 1n the determination of the low toner state, and
1s a plan view 1illustrating the positional relationship of the
patch 1images formed on the intermediate transfer member.

P1 denotes a first patch image which 1s formed on the
intermediate transter member 6 for completely removing the
toner from a test region of the development roller 5d. P2
denotes a second patch image which i1s prepared on the
intermediate transfer member 6 at a position where the
development roller Sd as rotated by one revolution from the
position where the first patch 1mage P1 1s formed. The
density of the second patch image P2 1s detected by the patch
sensor 22.

The arrangement provided 1s such that the first patch
image P1 is set to a solid image (an image with a maximum
density) for the purpose of completely attracting the toner on
the development roller 5d, while the second patch image P2
is set so as to become an 1mage with a halftone density (an
intermediate density between a maximum density and a
minimum density) for the purpose of detecting subtle fluc-
tuations in characteristics such as a change 1n the amount of
toner.

That 1s, there 1s a possibility that the undeveloped toner
remaining on the surface of the development roller 5d was
rubbed repeatedly by the toner 1nside the developing device
5 and by the restricting blade 5c. For this reason, the charged
amount has increased or decreased, so that the first patch
image P1 developed by this toner does not show a density
which reflects the amount of toner 1n the developing device
5. However, since the second patch 1mage P2 1s an image
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which was developed by the toner which was newly attached
after the removal of the toner, the second patch 1image P2
shows a density which 1s dependent on the characteristics,
particularly the amount of toner, of the developing device 5.

Next, returning to FIG. 6, a description will be given of
the respective units.

When the detection signals from the patch sensor 22 via
the A/D converter 34 are imputted to the exposing LUT

setting means 33, the exposing LUT setting means 33 sets
exposing LUTs 54Y, 54M, 54C, and 54K on the basis of
measured density values of the patch 1images 1n the respec-
five colors, C, M, Y, and K, generated on the intermediate
transter member 6, and cancels fluctuations 1n tone repro-
ducibility.

The 1mage data transforming means 350 transforms the
inputted 1image data 1nto an exposure signal on the basis of
the exposing LUTs 54Y, 54M, 54C, and 54K set by the
exposing LUT setting means 33, and outputs the same to the
exposure unit 3.

The density estimating means S1 estimates the ambient
environment and the like on the basis of a reading of the Y
patch of the first color, and consecutively estimates readings
of the M patch of the second color through the K patch of
the fourth color by using the patch density estimating LUT
49. The density comparing means 52 makes a comparison
between, on the one hand, an estimated value of the M patch
estimated from the reading of the Y patch of the first color
and, on the other hand, the readings of the M patch of the
second color through the K patch of the fourth color which
are read consecutively.

The low toner determining means 47 determines whether
the toners of the respective colors are in the low toner state
on the basis of agreement between the reading and the
estimated value compared by the density comparing means

52.

FIGS. 8 through 11 are flowcharts for explaining the
operation of the low toner determining device 1n the patch
generating mode.

First, when the mode 1s set in the patch generating mode,
patch 1mages 1n the respective colors, C, M, Y, and K, are
ogenerated on the intermediate transfer member 6 by the
above-described process, and the densities of the second
patch 1mage P2 are read 1n the order of Y, M, C, and K by
the patch sensor 22. When the density of the Y patch image
of the first color is read (Step A in FIG. 8), the exposing LUT
54Y for Y 1s set on the basis of i1ts measured density value
(Step B in FIG. 8). Then, after the fluctuation in tone
reproducibility 1s canceled, the ambient environment and the
like are estimated from the measured density value of the Y
patch, and the measured density value of the M patch 1image

of the second color 1s estimated by using the patch density
estimating LUT 49 (Step C in FIG. 8).

Next, the density of the M patch image is read (Step D in
FIG. 8), and the exposing LUT 54M for M is set on the basis
of its measured density value (Step E in FIG. 8). In addition,
this measured density value 1s compared with the estimated
density value of Step C (Step F in FIG. 8), and if they agree,
the density value of the C patch image of the third color 1s
estimated from the density reading of the Y patch image of
the first color by using the patch density estimating LUT 49
(Step G in FIG. 8), whereas if they do not agree, the
operation proceeds to Step A 1n FIG. 10. The estimation of
this density may be effected on the basis of the measured
density value of the M patch image of the second color, or
may be effected on the basis of the measured density values
of both the Y patch image and the M patch 1mage. In other
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words, an estimated toner consumption (which was obtained
in Step C) 1s compared with a measured, or a determined
toner consumption (which was obtained in Steps D and E).
When the estimated toner consumption differs from the
determined toner consumption by a significant amount (i.¢.,
by an amount that meets/exceeds a threshold), then the two
values do not agree. This threshold may be referred to as a
low toner threshold or as a difference threshold.

Then, when the density value of the C patch image 1s read
(Step H in FIG. 8), the exposing LUT 54C for C is set on the
basis of its measured density value (Step I in FIG. 8). A
comparison 1s made between the measured density value of
the C patch image and the estimated density value estimated
by using the patch density estimating LUT 49 1n Step G 1n
FIG. 8 (Step J in FIG. 8), and if they agree, the operation
proceeds to Step A 1 FIG. 9. If they do not agree, a
determination 1s made that the C toner of the third color is
in a low toner state (Step K in FIG. 8). In this way, on the
basis of agreement between the measured density value and
the estimated density value of the set patch image for each
color, a determination 1s made as to whether or not the toner
of any one of the colors, C, M, Y, and K, 1s 1in the low toner
state.

The operation then proceeds to the flowchart shown 1n
FIG. 9 to effect processing with respect to the K patch image
of the fourth color 1n a manner similar to that for the C patch
image (Steps A to E in FIG. 9). In this processing, the
exposing LUT 54K for K 1s set, and if agreement 1s obtained
between the measured density value and the estimated
density value estimated by using the patch density estimat-
ing LUT 49, the processing ends as 1t 1s. If they do not agree,
a determination 1s made that the K toner 1s 1n the low toner
state.

Then, 1f the measured density value and the estimated
density value of the M patch image do not agree in the
determination of Step F in FIG. 8, the operation proceeds to
Step A1 FIG. 10. Cases where the values do not agree with
cach other include a case where the M toner of the second
color 1s 1n the low toner state and a case where the Y toner
of the first color 1s 1n the low toner state and the estimation
of the ambient environment estimated on the basis thereof 1s
erroneous.

The processing 1 Steps Ato C 1n FIG. 10 1s substantially
the same as the processing 1n Steps G to I 1n FIG. 8. The
density value of the C patch image of the third color is

estimated from the density reading of the Y patch image of
the first color (Step A in FIG. 10), and if the density value

of the C patch image is read (Step B in FIG. 10), the

exposing LUT 54C for C is set on the basis of 1ts measured
density value (Step C in FIG. 10).

Next, a determination 1s made as to whether or not the
measured density value and the estimated density value of
the C patch image agree with each other (Step D in FIG. 10),
and 1if they agree, a determination 1s made that not the Y
toner but the M toner is in the low toner state (Step E in FIG.
10). If they do not agree, a determination is made that the
estimation based on the Y patch image 1s erroneous, and a

decision 1s made that the Y toner 1s 1n the low toner state
(Step F in FIG. 10).

When the M toner is in the low toner state (Step E in FIG.
10), the operation proceeds to Step A in FIG. 9 to detect the
low toner state of the K toner by using the estimated density
value based on the aforementioned measured density value
of the Y patch image. Meanwhile, when the Y toner 1s 1n the
low toner state (Step F in FIG. 10), the operation proceeds

to Step A 1 FIG. 11.
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In this state, since the Y toner 1S 1n the low toner state, the
estimated density value of the K patch image 1s determined
on the basis of the estimated density value of the M patch
image of the second color instead of using the estimated
density value based on the measured density value of the Y
toner (Step a in FIG. 11). Then, in the same way as in Steps
B to E in FIG. 9, the density of the K patch image of the
fourth color 1s read and 1s compared with the estimated
density value (Step D in FIG. 11), and a determination is
made as to whether or not the K toner of the fourth color 1s
in the low toner state, whereupon the processing ends.

It should be noted that, as described above, cases where
the estimated density value and the measured density value
of the M patch do not agree with each other 1n the deter-
mination 1n Step F 1n FIG. 8 and the operation proceeds to
Step A 1n FIG. 10 include the case where the M toner 1s 1n
the low toner state and the case where the Y toner 1s 1n the
low toner state. In most cases, such disagreement occurs
only 1n either one of the aforementioned cases. On rare
occasions, however, there are cases where both the Y toner
and the M toner assume the low toner state.

To cope with such a case, it suflices if the low state
determination processing is effected with respect to toners of
all the colors, and the low state determination processing
then effected again by shifting the order of colors, such as
forming the C patch image for the first color and forming the
K patch image for the second color. In addition, if the order
of color for determination i1s shifted each time the patch
generating mode 1s started, the case where a plurality of
toners have assumed the low state simultaneously can be
detected without extending the time required for detecting
the low toner state.

The 1information that the toner has assumed the low toner
state may be notified to the user by means of a display panel,
a display lamp, a buzzer, or the like provided on the printer.
Alternatively, a signal for notifying a host computer or the
like on the low toner state may be generated to notify the
user by using a host side display unit.

Thus, since the patch images for setting exposing LUTs
for correcting fluctuations in the tone reproducibility of the
apparatus due to changes in the environment and the patch
images for detecting the low toner state are made common,
as compared with the case where patch images are 1ndividu-
ally generated, it 1s possible to reduce the amount of
consumption of toner used 1n the formation of patch images
and the time required for the formation of patch images. In
addition, even 1if the densities of patch images have changed
due to changes 1n the environment, since fluctuating portions
of densities 1n the case where the amount of toner has not
reached the low state are estimated, 1t 1s possible to accu-
rately determine the low toner state irrespective of the
environmental changes.

The estimation of patch densities in Steps C and G 1n FIG.
8, Step A1 FIG. 9, Step A 1n FIG. 10, and Step A 1n FIG.
11 becomes possible 1f the densities of patch 1images of the
respective colors 1n each environment are measured in
advance, and the patch density estimating LUT 49 1s for-
mulated by relating estimated density values to the Y patch
image and the M patch 1mage, respectively. Tables 1 and 2
below show examples of the patch density estimating LUT
49 1n the above-described cases.

Estimated Estimated Estimated
Y-Patch Value of M- Value of C- Value of K-
Density Patch Density Patch Density Patch Density
0.40 0.42 0.41 0.44
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-continued
Estimated Estimated Estimated
Y-Patch Value of M- Value of C- Value of K-
Density Patch Density Patch Density Patch Density
0.40 0.42 0.41 0.44
0.45 0.46 0.46 0.50
0.50 0.50 0.51 0.56
Estimated Estimated Estimated
M-Patch Value of Y- Value of C- Value of K-
Density Patch Density Patch Density Patch Density
0.40 0.38 0.39 0.42
0.45 0.44 0.45 0.49

0.50

The aforementioned patch density estimating LUT 49 1s
stored 1n advance 1n a factory at the time of shipment of the
apparatus, and such data can be stored by consecutively
accumulating measured density values during an initial
period of operation of the 1mage forming apparatus. That 1s,
processing 1n which measured density values of patch
images of other colors are made to correspond to the
measured density value of the patch 1image of the first color
1s carried out for a period when the amount of toner does not
reach a low state during an 1nitial period of operation of the
image forming apparatus, €.g., until the time of printing of
1000 sheets of paper, and the low toner state determination
1s subsequently effected in the same way as described above.
In this way, 1t 1s possible to prevent an erroneous determi-
nation ascribable to differences among individual image
forming apparatuses.

In accordance with this embodiment, since the patch
density estimating LUT 49 can be prepared 1n a state which
conforms to the user’s working environment, table data in
density ranges of patch 1mages whose frequency of use 1s
high can be prepared with precision. With respect to density
ranges of patch images whose frequency of use 1s low, even
though the data may become rough, it 1s possible to obtain
estimated values for the respective densities through linear
interpolation or the like. In addition, if estimated density
values are prepared 1n advance with respect to measured
density values which are estimated under extreme
environments, 1t 1s possible to improve the accuracy of
interpolation.

Further, default data which 1s measured in advance 1s
incorporated at the time of shipment of the 1mage forming
apparatus by combining the above-described estimated den-
sity values, and the table data i1s corrected by using the data
detected at the time of actual operation, the low toner state
can be detected immediately after a startup subsequent to the
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setup of the apparatus. Hence, even if large volumes are
printed immediately after the startup, the low toner state can
be detected 1n practical use without trouble.

It should be noted that the second patch image P2 may be

of the same size as the first patch 1mage P1,but if the size of 5

the second patch image P2 1s set to a size slightly smaller
than that of the first patch image P1, the second patch image
P2 can be formed with the toner which was newly attached
to the region of the development roller 5d where the toner on
the surface was once developed reliably and completely at
the first patch 1image P1.

In addition, two patch images of halftone densities are
prepared for each color, and measurement 1s effected by
using one of them. However, a plurality of patch images may
be prepared for each color so as to be developed at 1dentical
positions on the development roller Sd and may be used 1n
the setting of exposure conditions and parameters of the
process by measuring the tone reproduction characteristics.
Further, by calculating the v-characteristic values through
the densities of the plurality of patch images, it 1s possible
to detect the low toner state on the basis of the_ vy-
characteristic values.

FIG. 12 shows an example of the low toner determining,
device which detects the low toner state by using a sensor.

This low toner determining device 1s comprised of an
environment measuring means 61 and the microcomputer
30, and the microcomputer 30 incorporates functions of the
density estimating means 51, the density comparing means
52, the exposing LUT setting means 53, the exposing LUT
54 corresponding to the four colors, C, M, Y, and K, and the
low toner determining means 47.

The environment measuring means 61 1s comprised of a
temperature sensor and a humidity sensor which are dis-
posed at appropriate places inside the apparatus, while the
density estimating means 31 1s arranged to estimate esti-
mated density values of patch images of the respective
colors from measured environmental parameters.

The exposing LUT setting means 33 sets the exposing,
LUT 54 on the basis of the measured density values, and
cancels fluctuations 1n the tone reproducibility. The density
comparing means 352 makes a comparison between the
measured density values of the patch 1mages set by the
exposing LUT 54 on the one hand, and the estimated density
values estimated by the density estimating means 51.

Referring to the flowcharts shown 1n FIGS. 13 and 14, a
description will be given of the operation of the apparatus
configured as described above.

When the mode 1s set to the patch generating mode, the
environment 1s measured by the environment measuring
means 61 (Step A in FIG. 13), and estimated density values

of the patch images of the respective colors are estimated
(Step B in FIG. 13).

Then, by the same means as the one used 1n the above-
described patch formation, a patch image of a first color 1s
actually formed, and its density is measured (Step C in FIG.
13). The exposing LUT 54 is set on the basis of the result
(Step D in FIG. 13), and a comparison is made between the
measured density value and the estimated density value
(Step E 1n FIG. 13). If they do not agree, the toner of the first
color 1s determined to be in the low toner state (Step F in

FIG. 13). This processing (Steps C to F in FIG. 13) is
repeated for each color (Steps G to J in FIG. 13 and Steps
E to H in FIG. 14) so as to detect the low toner state for each
color.

Since the environment 1s detected 1n the above-described
manner, even when a plurality of toners have assumed the
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low toner state, it 1s easily possible to determine that state.
In particular, even when all the toners have assumed the low
toner state, it 1s easily possible to determine that state.

FIG. 15 1s a plan view of a second example of the patch
images used 1n the determination of the low toner state, and
1llustrates the positional relationship of the patch 1mages
formed on the intermediate transfer member.

The first, second, and third patch images P1, P2, and P3

are formed on the intermediate transfer member 6. The first
patch image P1 1s formed as a solid image, while the second
and third patch images P2 and P3 are formed as those having,
halftone densities. The patch image P2 and the patch image
P3 are patch images which are formed under the same
conditions of exposure, development, and the like, and their
densities are measured by the patch sensor 22. By the time
these patch images are to be formed, the development roller
S5d has been rotated 1dly by a number of revolutions.

That 1s, the toner, which can be properly printed after
having been rubbed with the toner 56 inside the developing
device, the restricting blade Sc, and the like, 1s present on the
surface of the development roller Sd. The patch images P1
and P2 are patch images which are formed by such a toner.
When the patch image P1 1s developed, the toner on the
surface of the development roller 5d completely moves to
the photoconductive member 1. The patch 1image P3 1s a
patch 1image which 1s formed at a position which 1s delayed
by a one revolution portion of the development roller 5d
from the patch image P1, and 1s developed by the toner
which has been newly attached to the region where the patch
image P1 on the surface of the development roller 5d was
developed immediately before. That 1s, the patch image P3
1s a patch 1mage formed by the toner which was replenished
to the surface portion of the development roller Sd while the
development roller 5d made one revolution.

The measured density values of the patch image P2 and
the patch 1mage P3 are compared with each other. If the
difference between the measured density values of the two
patch 1mages 1s greater than or equal to a predetermined
density value, the toner 1s determined to be 1n the low toner
state. The results of the last two determinations are stored,
and 1f the results of three determinations including those
results continuously indicate the low toner state, the user 1s
notified of the low toner state, thereby accurately determin-
ing the low toner state.

In addition, after the low toner state 1s notified to the user,
the data 1s arranged to determine the measured density value
itself of the third patch image P3, and 1f 1its density value 1s
lower than the set value, the toner 1s determined to be 1n the
low toner state. As a result, the no toner state can be detected
without requiring the no toner state detecting means. This set
value may be referred to as a no toner threshold or as a low
density threshold.

Further, if the amount of toner decreases to a level
immediately before the no toner state, the densities of both
the second patch image P2 and the third patch 1mage
decrease, and the difference between their densities becomes
very small, so that 1t becomes 1impossible to detect the low
toner state. However, 1n this embodiment, when the density
of the third patch image P3 has decreased to a degree which
makes 1t 1mpossible to detect the low toner state, the
determination 1s not effected by using the difference between
the measured density values of the second patch image P2
and the third patch image P3, and the low toner state 1s
determined by the density value 1itself of the third patch
image P3,thereby preventing a return to the state of nonde-
tection.
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In addition, 1f the toner 1s determined to be 1n the low
toner state, since the charged amount differs between the
foner remaining undeveloped on the surface of the devel-
opment roller 5d and the toner newly supplied to the surface
of the development roller 5d, their development character-
istics differ. For this reason, the exposure conditions are set
for each history of the tonmer which 1s present on the
development roller Sd. Then, whether each dot for forming
the 1mage 1s developed by the remaining toner or i1s devel-
oped by the new toner 1s determined by the relationship
between, on the one hand, the circumferential length of the
development roller Sd and, on the other hand, the ratio in the
peripheral speed between the photoconductive member 1
and the development roller 5d.

For example, 1n a case where the circumierential length of
the development roller 54 1s 60 mm, and the peripheral
speed at the surface of the development roller 5d relative to
the surface of the photoconductive member 1 1s twice as
large 1n the same direction, a dot D2, which 1s located at the
same position as a certain dot D1 1n the scanning direction
and 1s located 30 mm downstream 1n the traverse direction,
1.€., 1n the 1mage advancing direction, 1s generated by the
same portion as the one which generated the dot D1 on the
surface of the development roller 5d. At this time, the toner
located on the development roller 5d when developing the
dot D1 moves to the photoconductive member 1,so0 that the
dot D2 1s developed by new toner. Accordingly, when the dot
D2 1s exposed, the exposure conditions are determined on
the basis of the measured density value of the third patch
image P3.

Since the dot D1 1s developed by the remaining toner if
the dot D1 1s located within 30 mm from a leading end of the
image or if a dot is not located 30xI mm (I=1, 2, 3, . . . )
upstream 1n the traverse direction, the exposure conditions
are determined on the basis of the measured density value of
the patch image P2. By providing such an arrangement, each
dot 1s formed under optimum exposure conditions, and even
when the toner 1s 1n the low toner state 1t 1s possible to obtain
a high quality image which 1s free of unevenness to the
orcatest possible extent.

FIG. 16 shows an example of the low toner and no toner
determining device 1n a case where the patch 1mages shown

in FIG. 15 are used.

This low toner determining device 1s configured by 1ncor-
porating 1n the microcomputer 30 functions of the exposing,
LUT setting means 33, the exposing LUT 54, the density
comparing means 352, a low toner state tentative determina-
fion means 71,the low toner determining means 47, and a no
toner determining means 72.

The exposing LUT setting means 33 sets the exposing,
LUT 54 on the basis of the measured density values of the
second patch image P2 and the third patch image P3 on the
intermediate transfer member 6 which are measured by the
patch sensor 22. The density comparing means 52 makes a
comparison between the set values and the measured density
values of the second patch image P2 and the third patch
image P3 which are formed on the intermediate transfer
member 6.

The low toner state tentative determination means 71
tentatively determines that the amount of toner has
decreased more than the low toner state if the measured
density value measured by the patch sensor 22 1s less than
a set value, or 1f the difference in density between the second
patch image P2 and the third patch image P3 1s greater than
or equal to a set value. The low toner determining means 47
determines that the toner 1s 1n the low toner state in a case
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where tentative determinations by the low toner state ten-
tative determination means are consecutively made a pre-
determined number of times.

Upon receiving the result of the low toner state tentative
determination means 71, the no toner determining means
decides that the toner 1s 1n the no toner state by determining
that the amount of toner 1n the developing device § 1s very

small 1f the density of the third patch 1image P3 1s less than
an even lower set value.

FIG. 17 1s a flowchart for explaining the operation of the
low toner and no toner determining device shown 1n FIG. 16.

The densities of the second patch image P2 and the third
patch image P3 formed on the intermediate transfer member
6 1n the patch generating mode are measured by the patch
sensor 22 (Step A 1n FIG. 17). If the measured density values
are both below a set value (Step B in FIG. 17), it is
determined that the amount of toner has decreased more than
the low toner state, so that the operation proceeds to the
tentative determination of the low toner state (Step D 1n FIG.
17). If the measured density values are greater than or equal
to the set value, the ordinary low toner state determination
1s made, and a determination 1s made as to whether the
difference 1n density between the second patch image P2 and

the third patch image P3 is greater than or equal to a set
value (Step C in FIG. 17).

If the density difference 1s greater than or equal to the set
value, 1t 1s tentatively determined that the toner 1s in the low
toner state (Step D 1n FIG. 17). Meanwhile, if the density
difference 1s less than the set value, a determination 1S made
that the toner 1s not 1n the low toner state. If 1t 1s tentatively
determined that the toner 1s in the low toner state, a check
1s made on whether the tentative determination continued for
three consecutive times (Step E in FIG. 17). If the tentative
determination continued for three consecutive times, 1t 1S
determined that the toner is in the low toner state (Step F in
FIG. 17). If the tentative determination has not continued for
three consecutive times, it 1s determined that the toner 1s not
in the low toner state, and that an error has occurred in the
past determination.

If 1t 1s determined that the toner 1s 1n the low toner state,
the exposing LUT 54 for the dots which are developed by
the toner upon one revolution of the development roller 5d,
1.€., the toner remaining on the development roller 5d, 1s set
on the basis of the measured density value of the second
patch 1mage P2,while the exposing LUT 54 for the dots
which are developed by the toner after the second revolution
of the development roller 34, 1.e., the toner newly supplied
onto the development roller 5d, 1s set on the basis of the

measured density value of the third patch image P3 (Step G
in FIG. 17).

If the measured density value of the third patch image P3
1s less than a set value which 1s even lower than the set value
used in Step B (Step H 1in FIG. 17), the amount of toner in
the developing device 5 1s very small, so that a determina-
tion is made that the toner is in the no toner state (Step I in
FIG. 17). On the other hand, if it is determined in the steps
up until now that the toner i1s not 1n the low toner state, the
exposing LUT 54 used for all the dots 1s set on the basis of

the measured density value of the third patch image P3 (Step
J in FIG. 17).

FIG. 18 shows an example 1n which the presence or
absence of an abnormal state of the apparatus 1s determined
on the basis of the low toner state, the no toner state, and the
no toner state determination by means of the signal from the
patch sensor 22,1.e., the means for measuring the densities of
the patch images. Incorporated 1n the microcomputer 30 are
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the functions of the density estimating means 51, a density
determining means 81,an apparatus state determining means
82, and the low toner determining means 47.

The density estimating means 51 estimates the densities
of patch images which are formed on the intermediate
transfer member 6 on the basis of the patch forming data or
the 1mage data for forming an 1image subject to reading by
the patch sensor 22.

The density determining means 81 makes a comparison
between the signal inputted thereto from the patch sensor 22
via the A/D converter, 1.€., an actually measured density
value, and an estimated density value inputted thereto from
the density estimating means S1. If the difference between
the measured density value and the estimated density value
1s within a predetermined range, the density determining
means 81 determines that a sufficient amount of toner is
present 1in the developing device §, and that ordinary printing,

1s possible. On the other hand, if the difference between the
measured density value and the estimated density value is
outside the predetermined range, the density determining
means 81 determines that the toner 1n the developing device
5 has been consumed, and that printing cannot be effected
with a proper density.

The result of determination by the density determining,
means 81 and the result of determination concerning the low
foner state by the low toner determining means 47 are
outputted to the apparatus state determining means 82, and
are used 1n the determination of the state of the apparatus.

In the determination of the state of the apparatus, a
determination table such as the one shown i1n FIG. 19 is
used, and the determination table 1s arranged by defining the
operating states of the apparatus in correspondence with four
kinds of combination of the results of detection by the patch
sensor 22 and the results of determination by the low toner
determining means 47.

That 1s, if the result of measurement by the patch sensor
22 us and the result of determination by the low toner
determining means 47 are “proper density” and “proper
amount,” respectively, the toner 1s determined to be 1n the
“proper state.” If the two results are “proper density” and
“low toner state,” respectively, the toner 1s determined to be
in the “low toner state.” If the two results are “low density”
and “proper amount,” respectively, it 1s determined that
there 1s an “abnormality 1n the apparatus.” Further, 1f the two
results are “low density” and “low toner state,” respectively,
it 1s determined that the case 1s a “no toner state.”

Of these combinations, if the result of detection by the
patch sensor 22 shows “low density,” and the result of
determination by the low toner determining means 47 1s
“proper amount, ” such a case shows a state 1n which the
image 1s not outputted with a proper density despite the fact
that sufficient toner 1s present 1n the developing device 5. In
this case, therefore, 1t 1s considered that an abnormality has
occurred 1n the developimng means or the like, so that a
determination 1s made that there 1s an “abnormality in the
apparatus.”

Namely, a number of cases are conceivable, including a
case where the exposure unit 3 fails to emait light and a latent
image 1s not formed, a case where a bias voltage 1s not
applied to the developing device 5 and the primary transfer
roller 7 due to the contact failure of an electric contact, and
development and transier are not effected, and a case where
a mechanism constituting the developing device § cannot be
rotated due to the failure of the developing device 5, making
development impossible.

It should be noted that 1f these results of determination are
outputted from the apparatus state determining means 82 to
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a display unit and a controller which are not shown to allow
the results of determination to be displayed, and if the printer
1s stopped 1immediately 1n the cases of the “abnormality in
the apparatus” and the “no toner state,” it 1s possible to
prevent the occurrence of a misprint.

As a method of displaying the results of determination, 1t
suflices 1f the display unit 1s provided on the printer body, or
if such as the “low toner state,” the “no toner state,” and the
“abnormality 1n the apparatus™ are displayed on the display
screen of a personal computer connected to the printer. By
providing a display appropriately 1in such a manner, 1n the
case of the “abnormality 1n the apparatus,” 1t 1s possible to
prompt the user to repair the faulty portion, and in the case
of the “no toner state,” it 1s possible to accurately notity the
user of the replacement of a replenishment cartridge.

A number of timings are conceivable as the timing for
executing the determination shown in FIGS. 18 and 19. First
of all, 1t 1s possible to cite a method in which the state of
image formation 1s detected by constantly operating the
patch sensor 22 during the normal operation of 1mage
formation after the detection of the “low toner state.”
Namely, this 1s a method in which, instead of forming patch
images, the i1mage signal being outputted i1s directly
detected. In this method, when and after it 1s estimated that
the no toner state 1s approaching, the patch sensor 22 is
operated to determine the state of the apparatus, so that the
deterioration over time of the patch sensor 22, particularly
the deterioration of the light source, can be suppressed to a
minimuim.

As another method, 1t 1s possible to cite a method 1n which
the patch sensor 22 1s constantly operated during the opera-
fion of 1image formation irrespective of the result of deter-
mination by the low toner determining means 47. According
to this method, since the state of image formation can be
constantly detected, even before the “low toner state,” it 1s
possible to determine states such as the “low toner state,” the
“no toner state,” and the “abnormality in the apparatus.”

By providing such an arrangement, even 1n the case of the
above-described method in which the number of pixels 1n
the exposure signal 1s directly calculated as the amount of
toner developed, the “no toner state” can be determined from
the state of 1mage formation based on the signal from the
patch sensor 22,thereby making 1t possible to detect the no
toner state accurately.

FIG. 20 shows an example of a weighting coeflicient
correcting means.

This weighting coefficient correcting means 1s configured
by incorporating 1n the microcomputer 30 the functions of
the density estimating means 51, the density determining
means 81, a LUT recalculating unit 91, the weight coefli-
cient setting means 43, and the weighting coefficient LUT

44.

The density estimating means 51 estimates the densities
of patch i1mages which are formed on the intermediate
transfer member 6 on the basis of the patch forming data or
the 1mage data for forming an 1image subject to reading by
the patch sensor 22. The density determining means 81
calculates the kind of patch formed on the intermediate
transfer member 6 and the difference 1n density between a
measured density value and an estimated density value
corresponding thereto on the basis of a digitized signal from
the patch sensor 22 and an estimated density value signal

from the density estimating means 51, and outputs the same
to the LUT recalculating unit 91.

On the basis of the mputted density difference, the LUT
recalculating unit 91 1s adapted to correct the weighting
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coellicient LUT 44 in such a manner as to eliminate the
difference between the estimated density value and the
actual amount of development.

In the electrophotographic process, the amount of toner
developed can change even with respect to an i1denfical
image signal due to a change over time of the environmental
conditions and an electrophotographic process clement.
Accordingly, by correcting the weighting coetlicient LUT 44
by this LUT recalculating unit 91, 1t 1s possible to enhance
the accuracy 1n the estimation of the amount of toner
developed, and reduce the error between the estimated value
and the actual amount of development.

It should be noted that although, 1n the above-described
examples, the densities of patch images transferred to the
intermediate transfer member are detected, the patch sensor
may be disposed at a position facing the photoconductive
member, and the densities of the patch 1images prior to
transter which are formed on the photoconductive member
may be detected. In addition, 1n an 1mage forming apparatus
of the type 1n which recording paper 1s wound around a
transter drum, and the toner is transferred from the photo-
conductive member to the recording paper on the transfer
drum, the patch sensor may be disposed at a position facing
the transfer drum, and patch images formed on the transfer

drum may be read.

In addition, a full-color CMYK printer 1s used as an
example of the printer in the above-described embodiment,
and LUTs are prepared m correspondence with the respec-
five colors. In addition, parameters which are adjusted on the
basis of the measured density values of patch images may be
parameters of the electrophotographic process, such as a
charging bias, a development bias, a development roller
rotating speed, and a transfer bias, and 1t becomes possible
to print halftone 1mages and color images with intended
image quality.

In addition, 1t goes without saying that the determination
of the low toner state in the above-described embodiment 1s
not limited to the color toner image forming apparatus, and
can be applied to a monochromatic toner 1mage forming
apparatus. Further, in an apparatus having a plurality of
developing devices, even if a plurality of toners have
assumed the low toner state simultaneously, it 1s possible to
accurately detect that state. Furthermore, since the positions
where patch 1mages are formed are defined, it 1s possible to
form patch 1mages with clear development histories, and it
1s possible to enhance not only the accuracy 1n the detection
of the no toner state but also the accuracy 1n the correction
of the 1mage forming conditions.

As described above, 1n accordance with the present
invention, the arrangement provided i1s such that patch
images are formed on the photoconductive member, the
results of measurement of densities are estimated by mea-
suring the densities of the patch images, and a comparison
1s made between the estimated result of each measured
density and the result of the measured density which has
been read, so as to determine the low toner state.
Accordingly, a sensor for detecting the remaining amount of
foner 1s made unnecessary, and 1t 1s possible to prevent the
replacement of the cartridge 1n the state in which toner still
remains, as may be experienced in the determination of the
amount of toner based solely on the 1image forming signal.
In addition, since the sensor for detecting the remaining
amount of toner for each developing means 1s made
unnecessary, it 1s possible to simplify the structure around
the developing means of the color recording apparatus, in
particular.
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In addition, since the image forming conditions can be set
by making use of the patch images for the determination of
the low toner state, even 1f the developing means employs a
single component toner, which has a drawback 1n the supply
of toner to the photoconductive member, 1t 1s possible to
cliect stable image formation with respect to changes in the
environment and the like.

In addition, since the low toner state 1s estimated on the
basis of the image forming signal, and the remaining amount
of toner 1s determined by using the results of measurement
of densities of the patch 1images, by combining the detected
results, 1t 1s possible to determine states such as the “proper
state,” the “low toner state,” the “no toner state,” and the
“abnormality 1n the apparatus.”

It 1s claimed:

1. Amethod of assessing a toner state of an 1mage forming
apparatus comprising a photoconductive member forming
an electrostatic latent 1mage based on pixel data of an 1mage
forming signal, a developing means for forming a toner
image by attracting toner to said electrostatic latent 1mage,
and means for transferring said toner 1mage to a recording,
medium, said method comprising:

providing, 1n a toner amount estimating step, a toner
consumption estimate based on said pixel data of said
image forming signal;

forming a toner testing 1image on said photoconductive
member;

providing, 1n a toner amount detecting step, a toner
consumption determination based on an optical density
of said toner testing 1image prior to said transfer to said
recording medium; and

determining said a toner consumption state of said image
forming apparatus on the basis of said toner consump-
fion estimate and said toner consumption determina-
tion.

2. A method of assessing a toner state according to claim
1, wherein said toner consumption state 1s determined to be
a low toner state when said toner consumption estimate
surpasses a threshold.

3. A method of assessing a toner state according to claim
1, wherein said toner consumption state 1s determined to be
a no toner state when said toner consumption determination
1s less than a low density threshold.

4. A method of assessing a toner state according to claim
1, wherein said toner consumption state 1s determined to be
abnormal when said toner state 1s not a low toner consump-
tion state and when said toner consumption determination 1s
less than a low density threshold.

5. A method of assessing a toner state according to claim
1, wherein said toner amount detecting step 1s executed
during a period of 1mage formation.

6. A method of assessing a toner state according to claim
1, wherein said toner amount detecting step 1s executed
when said amount of toner 1n said toner amount estimating
step has become less than a reference value.

7. A method of assessing a toner state according to claim
1, wherein said toner consumption estimate 1s modified on
the basis of a result of detection in said toner amount
detecting step.

8. An 1mage forming apparatus, comprising:

a photoconductive member forming an electrostatic latent
image ol pixels based on pixel data of an 1mage
forming signal;

means for forming a toner 1mage by attracting toner to
said electrostatic latent 1mage, said means for forming
said toner image including a development roller and
defining developing means;
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means for transferring said toner image to a recording
medium;

means for forming a toner testing 1mage on said photo-
conductive member, said toner testing image being
shorter than a one revolution portion of said develop-
ment roller;

means for detecting an optical density of said toner testing
image prior to said transfer to said recording medium;

means, defining toner consumption amount determining,
means, for providing a toner consumption determina-
tion based on said optical density; and

means, delfining toner consumption amount estimating,
means, for providing a toner consumption estimate by
said developing means by calculating an amount of
toner consumed by each of said pixels on the basis of
said 1mage forming signal.
9. An 1mage forming apparatus according to claim 8,
further comprising:

means for determining a low toner state when said toner
consumption estimate surpasses a threshold.
10. An 1mage forming apparatus according to claim 9,
further comprising:

means for determining a no toner state when said toner
consumption determination 1s less than a low density
threshold.
11. An 1mage forming apparatus according to claim 10,
further comprising:

means for determining an abnormal state when a result of
determination by said low toner determining means 1s
not said low toner state, and when 1t 1s determined by
said no toner determining means that said amount of
toner has reached said no toner state.

12. An 1mage forming apparatus according to claim 8,
wherein said toner consumption amount determining means
operates during a period of 1mage formation.

13. An 1mage forming apparatus according to claim 8,
wherein said toner consumption amount determining means
operates when said low toner determining means determines
that said amount of toner has reached said low toner state.

14. An 1mage forming apparatus according to claim 8,
further comprising:

means for changing said estimated amount estimated by
said toner consumption amount estimating means on
the basis of a result of detection by said toner con-
sumption amount determining means.
15. A method of forming an 1mage using an 1mage
forming apparatus, said method comprising:

generating a light beam based on an i1mage forming
signal;

forming, on a photoconductive member, an electrostatic
latent 1mage upon receipt of said light beam;

attracting toner to said electrostatic latent image via a
development roller to form a toner 1mage;

transferring said toner 1mage to a recording medium;

forming a toner testing 1mage on said photoconductive
member;

measuring an optical density of said toner testing 1image
prior to said transferring step;

detecting, 1n a toner amount detecting step, an amount of
toner consumed by said developing means on the basis
of said optical density of said toner testing 1image and
pixel data of an 1image forming signal to provide a toner
consumption determination;

wherein said toner amount detecting step further com-
Prises:
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estimating, in an estimating step, said optical density,
and

comparing 1n a comparing step, said estimated optical
density and said detected optical density.
16. A method of forming an 1mage according to claim 15,
further comprising:

setting a condifion for image formation on the basis of

said optical density.

17. A method of forming an 1mage according to claim 16,
wherein estimation 1s made 1n said estimating step by
forming said toner testing 1mage by using a different toner.

18. A method of forming an 1image according to claim 17,
wherein said toner testing image comprises lirst and second
toner testing 1images formed at a position corresponding to a
one revolution portion of said development roller, and said
estimating step 1s executed on the basis of said optical
density of said second toner testing 1mage.

19. A method of forming an 1mage according to claim 15,
wherein:

said toner testing image comprises first, second, and third
toner testing 1mages;

said first and said second toner testing 1mages are formed
at a position short of a one revolution portion of said
development roller;

said third toner testing image 1s formed at a position
spaced from said first toner testing 1mage and corre-
sponding to said one revolution portion; and

said low toner state 1s determined by comparing respec-
tive optical densities of said second and third toner
testing 1mages.

20. An 1image forming apparatus, comprising:

a photoconductive member forming an electrostatic latent
image of pixels based on pixel data of an image
forming signal;

means for forming a toner 1mage by attracting toner to
said electrostatic latent 1image, said means for forming
said toner 1mage including a development roller and
defining developing means;

means for transferring said toner 1mage to a recording
medium;

exposure controlling means for forming a toner testing
image on said photoconductive member, said toner
testing 1mage being shorter than a one revolution
portion of said development roller;

optical density detecting means for detecting an optical
density of said toner testing image prior to said transfer

to said recording medium;

controlling means for determining a low toner state of
said developing means on the basis of said optical
density;

wherein said controlling means estimates said optical
density of said toner testing image based on 1mage data
of said toner testing 1mage and compares said estimated
optical density and said optical density detected by said
optical density detecting means so as to determine said
low toner state.

21. An 1image forming apparatus according to claim 20,
wherein said controlling means sets a condition for 1image
formation on the basis of a signal from said optical density
detecting means.

22. An 1image forming apparatus according to claim 20,
wherein said developing means develops a latent image of
said toner testing 1mage by a toner of a different color, and
compares a measured value measured by said optical density
detecting means and an estimated value based on a result of
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measurement of said density of said toner testing 1mage of
said different color.

23. An 1mage forming apparatus according to claim 20,
wherein said exposure controlling means forms first and
second toner testing 1mages at a position corresponding to a
one revolution portion of said development roller and said
controlling means determines said low toner state on the
basis of said second toner testing 1mage.

24. An 1mage forming apparatus according to claim 20,
wherein said exposure controlling means forms first and
second toner testing 1mages at a position short of a one
revolution portion of said development roller as well as a
third toner testing 1mage at a position spaced apart from said
first toner testing image and corresponding to the one
revolution portion, and said controlling means determines
said low toner state by comparing optical densities of said
second and third toner testing 1mages.

25. A method of assessing a toner state of an 1mage
forming apparatus comprising a photoconductive member
forming an electrostatic latent 1mage based on pixel data of
an 1mage forming signal, a developing unit for forming a
foner 1mage by attracting toner to said electrostatic latent
image, and a transfer unit for transferring said toner image
to a recording medium, said method comprising:

providing, 1n a toner amount estimating step, a toner
consumption estimate based on said pixel data of said

image forming signal;
forming a toner testing 1mage on said photoconductive
member;

providing, 1n a toner amount detecting step, a toner
consumption determination based on an optical density
of said toner testing 1image prior to said transfer to said
recording medium; and

determining a toner consumption state of said i1mage
forming apparatus on the basis of said toner consump-
fion estimate and said toner consumption determina-

t1on.
26. An 1mage forming apparatus, comprising:

a photoconductive member forming an electrostatic latent
image of pixels based on pixel data of an 1mage
forming signal;

a developer for forming a toner image by attracting toner

to said electrostatic latent image, said developer includ-
ing a development roller;
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a transfer unit for transferring said toner 1image to a
recording medium;

an 1mage formation unit for forming a toner testing 1mage
on said photoconductive member, said toner testing
image being shorter than a one revolution portion of
said development roller;

a detector for detecting an optical density of said toner
testing 1mage prior to said transfer to said recording
medium;

a toner consumption determination unit for providing a
toner consumption determination based on said optical
density; and

an estimator for providing a toner consumption estimate
by said developer by calculating an amount of toner
consumed by each of said pixels on the basis of said
image forming signal.

27. An 1mage forming apparatus, comprising:

a photoconductive member forming an electrostatic latent
image of pixels based on pixel data of an 1mage
forming signal;

a developing unit for forming a toner 1mage by attracting
toner to said electrostatic latent 1image, said developing
unit including a development roller and defining devel-
Oplng means;

a transfer unit for transferring said toner image to a
recording medium;

exposure controller for forming a toner testing 1mage on
said photoconductive member, said toner testing 1mage
being shorter than a one revolution portion of said
development roller;

optical detector for detecting an optical density of said
toner testing 1mage prior to said transfer to said record-
ing medium,;

controller for determining a low toner state of said devel-
oping unit on the basis of said optical density;

wherein said controller estimates said optical density of
said toner testing 1image based on 1image data of said
toner testing 1mage and compares said estimated optical
density and said optical density detected by said optical
density detector so as to determine said low toner state.
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